Objective: The aim of this study is to evaluate the antifungal activity of different homoeopathic mother tinctures against the growth of Candida albicans. Materials and Methods: Homoeopathic mother tinctures (ф) Syzygium jambolanum, Ficus religiosa, Ocimum sanctum, Allium cepa, Thuja occidentalis, Holarrhena antidysenterica and Eucalyptus globulus were evaluated for their antifungal activity against the growth of human pathogenic fungi C. albicans using paper disc agar diffusion method as per guidelines of clinical and laboratory standard (M44-A) with slight modifi cation. The diameters of zone (mm) of inhibition were measured, and the obtained results were compared with that of the vehicle control. Ketoconazole was used as reference standard fungicide. Results: Seven homoeopathic mother tinctures were used in this study and the results indicates that some of the homoeopathic drugs in the study showed signifi cant inhibitory activity against the growth of C. albicans as compared to control. Out of the seven medicines tested, S. jambolanum showed a maximum zone of inhibition as compared to other mother tinctures used. The effectiveness of zone inhibition against the growth of human pathogenic fungi C. albicans are S. jambolanum > T.
INTRODUCTION
Candida albicans is a fungal commensal of human skin and mucosal surfaces that can transit into an invasive fungal pathogen within immune-compromised individuals. C. albicans infection results in over 400000 cases of invasive disease worldwide and systemic infection leads to high mortality rate annually.
[1,2] Like many opportunistic fungi, a key virulence factor of C. albicans has the ability to undergo a reversible morphological switch from a unicellular (yeast) to a fi lamentous (hyphal or pseudohyphal) growth form. This switch, resulting in changes of both cell shape and cell physiology, is thought to allow fungal pathogens to adapt in different environmental conditions and has been correlated with pathogenicity traits. [3] [4] [5] In individuals with healthy immune system, C. albicans is often harmless, kept in balance with other members of the local microbiota. However, alterations in the host microbiota (e.g., due to antibiotics), may lead to changes in the host immune response (e.g., during stress, infection by another microbe or immuno-suppressant therapy) or variations in the local environment (e.g., shifts in pH or nutritional content), can enable C. albicans to overgrow and cause infection. These infections range from superfi cial mucosal and dermal infections, such as thrush, vaginal yeast infections and diaper rash, to haematogenously disseminated infection with sizable mortality rates (approaching 40% in some cases). [6] [7] [8] Candida infections are most common in patients of AIDS or those undergoing anticancer or immunosuppressant therapies and healthy people with implanted medical devices. [9, 10] However, the management of Candida infections faces a number of problems including limited number of effective antifungal agents, toxicity and the high cost of antifungal agents. Besides these things, the indiscriminate and prolonged use of antifungal drugs has led to therapeutic failures associated with an emergence of multi drug resistance to pathogenic organisms.
Therefore, there is a need for the development of alternative therapies where solution for the optimal treatment of fungal infections could be found out. Medicines from plant origin could be a possible solution since herbal drugs have been used as a traditional treatment for numerous diseases.
Scientifi c reports revealed that some work has been done on antimicrobial activities of homoeopathic medicines from the plant origin against the different fungal and bacterial strains. [11] [12] [13] [14] [15] [16] [17] However, detailed studies of antifungal activity of homoeopathic medicines against C. albicans are limited. Therefore, the homoeopathic medicines used in the present study were selected based on their clinical indications and through literature search. The present study was carried out with an objective to evaluate the antifungal activities of the homoeopathic medicines (ф) of Syzygium jambolanum, Ficus religiosa, Ocimum sanctum, Allium cepa, Thuja occidentalis, Holarrhena antidysenterica and Eucalyptus globulus against the growth of human pathogenic fungi C. albicans. 
MATERIALS AND METHODS

Plant materials
Preparation of homoeopathic drugs
Homoeopathic mother tincture (ф) of S. jambolanum, F. religiosa, O. sanctum, A. cepa, T. occidentalis, H. antidysenterica and E. globulus were prepared and standardised according to the procedures mentioned in Homoeopathic Pharmacopoeia of India (HPI). Briefl y, 100 g of plant material was poured in specified concentration (depending on the extractive value of plant) and volume of alcohol and kept for a certain period of time as per HPI. The fi ltered mother tincture was subjected to the in-house physicochemical test of batteries to check the quality and purity (data not published). Commercially available antifungal drugs Ketoconazole (10 μg/ml) was used as positive control and 90% alcohol was used as vehicle control.
Microorganism
The fungal culture of C. albicans (MTCC No. 3017) procured as lyophilised freeze-dried culture strain from the Microbial Type Culture Collection, Institute of Microbial Technology, Chandigarh, was used to evaluate antifungal activity of homoeopathic drugs.
Preparation of fungal culture
The fungal test strain of C. albicans (MTCC 3017) freeze-dried culture was aseptically opened in Biosafety cabinet (Model No. AC2-4S8-NS, ESCO Micro Pvt. Ltd., Singapore) and the suspension was made as per protocol. 0.4 ml sterilised water was taken in a microcentrifuge tube, and freeze-dried culture was transferred into it and mixed well. The mixture was allowed stand for 20 min before transferred it on solid media. Petri plates containing sabouraud dextrose agar (SDA) (HiMedia, Mumbai, India, Catalogue No. M063) medium and incubated for 24-48 h at 35°C to give white round colonies against a yellowish background. Approximately, 1-mm colonies were picked up and suspended in 5 ml of sterile SDA and kept as broth culture/stock culture. Microorganisms were repeatedly subcultured using streaking method and maintained to obtain pure isolation on the SDA for further drug sensitivity assay.
Microscopic identification of Candida albicans Direct microscopy by potassium hydroxide stain
Morphological features of C. albicans species were identifi ed according to the method described by Okungbowa et al., 2009 . [18] One drop of potassium hydroxide (KOH) stain was placed on the centre of clean grease free glass microscope slide and a loop of culture growth from SDA media containing. C. albicans was transferred into it and mixed gently with the stain and covered with a coverslip. The preparation was examined using the low power (×10, ×20) objective of the inverted phase contrast microscope (RTC-7, Radical scientifi c equipments Pvt. Ltd., Ambala, India). High-power (×45) objective was used to confi rm observations [ Figure 1 ].
Preparation of disc for antifungal assay
For determining antifungal activity of different homoeopathic mother tincture, agar disc diffusion method was used. Whatman fi lter paper No. 1 was used to prepare standard discs of approximately 6 mm in diameter and autoclaved at 121°C at 15 psi for 15 min. These discs of fi lter paper were soaked in selected homoeopathic mother tincture, and let stand for 30 min. After which, they were taken out and allowed to dry under aseptic condition.
Preparation of growth media (sabouraud dextrose agar)
Media with pH 5.6 ± 0.2 containing relatively high concentration of glucose (40%) was prepared by mixing SDA and distilled water and autoclaved at 121ºC for 15 min. Twenty millilitres of molten (45ºC) SDA medium was aseptically transferred into each sterile Petri plates (100 mm × 15 mm) and allowed to solidify in a biological safety cabinet. 
Preparation of media (Czapek yeast extract agar) for drug-sensitivity assay
Media containing relatively high concentration of sucrose (30%) was prepared by mixing Czapek yeast extract agar (CYEA) (HIMEDIA, Mumbai, India, Catalogue No. M1335) and distilled water and autoclaved at 121ºC for 15 min to dissolve completely. Twenty millilitres of molten (45ºC) CYEA medium was aseptically transferred into each sterile Petri plates (100 mm × 15 mm) and allowed to solidify in a biological safety cabinet.
Determination of antifungal activity
The agar disc diffusion method was used to determine the antifungal activity of the selected Homoeopathic mother tinctures with measuring of diameter of growth inhibition zones. [19] To show effects of anti-Candida activity, the yeast suspension at concentration of (0.5 McFarland) (1-5) x 106 CFU/ml were adjusted. A sterile cotton swab was dipped into the adjusted suspension and swabbed over the dried surface of a CYEA media plate throughout the entire surface. Then, filter paper discs containing the different homoeopathic mother tincture (S. jambolanum, F. religiosa, O. sanctum, A. cepa, T. occidentalis, H. antidysenterica and E. globulus) were placed on the agar surface. About 90% alcohol was used as vehicle control for the antifungal activity against the C. albicans. Ketoconazole drug was used as a positive control at the concentration of 10 μg/ml. The plates were inverted and placed in an incubator set to 35 ± 2°C within 15 min after the discs were applied. After 24 h growth, inhibition zone around the paper discs was measured. To get the proper statistical data and repeatability of the response, the experiments were repeated twice with fi ve replicated in each plate. The diameter of growth inhibition zones around each paper disc was measured by scale.
Statistical analysis
The values were expressed as mean diameter of zone inhibition (mm), and statistical data were analysed using one-way analysis of variance (ANOVA) followed by Dunnett's post hoc test to monitor signifi cance among groups using the GraphPad Prism version 7.0.(GraphPad Software, Inc, USA) P < 0.05 was considered as signifi cant as compared to vehicle control.
RESULTS AND DISCUSSION
The plant-based antimicrobials serve as suitable agent to replace synthetic one in controlling the growth of human pathogenic microorganism and play major role in pharmaceuticals, especially in various alternative medicinal systems such as Ayurveda, Siddha, Unani and Homoeopathy. Homoeopathic drugs have long been used safely for curing many diseases including the ailments caused by fungi. In the present study, mother tincture of homoeopathic drugs S. jambolanum, F. religiosa, O. sanctum, A. cepa, T. occidentalis, H. antidysenterica and E. globulus were evaluated against the growth of human pathogenic fungi C. albicans. Susceptibility of each drug was tested using paper disc diffusion method and a diameter zone of growth inhibition was measured in millimetre.
Microscopy revealed the presence of spherical and oval chain of cells [ Table 1 and Figure 1 ]. KOH preparation of the specimen revealed non-pigmented septate hyphae with characteristic dichotomous branching (at an angle of approximately 45°) confi rmed the presence of C. albicans. [20] In vitro antifungal activity of homoeopathic mother tinctures (ф) S. jambolanum, F. religiosa, O. sanctum, A. cepa, T. occidentalis, H. antidysenterica and E. globulus was evaluated by measuring the diameter of zones of growth inhibition of C. albicans and compared with the vehicle control (90% alcohol). The data obtained are depicted in Table 2 and Figure 2 . Statistical data revealed that there were signifi cant differences in diameter of zone of inhibition (mm) compared with vehicle control. However, all the seven homoeopathic medicines showed variable anti-fungal activity against C. albicans [ Figure 3 ]. Post hoc test showed that the mother tincture of S. jambolanum was most potent against C. albicans. It exhibited maximum zone of inhibition up to 27.00 mm ± 3.81 mm followed by T. occidentalis (21.4 ± 1.52), A. cepa (16.6 ± 2.41), F. religiosa (13.8 ± 0.84), E. globulus (13.2 ± 1.30), O. sanctum (11.2 ± 1.48) and H. antidysenterica (7.0 ± 1.00). The maximum percentage of zone inhibition (285%) was detected in mother tincture of S. jambolanum as compared to other medicines used in the study. The anti-fungal activity of The inhibitory activity of the medicines against C. albicans may be due to the presence of several primary and/or secondary metabolites such as phenolics, polyphenols, tannins, quercetin, fl avonoids, alkaloids, terpenoids, volatile oils, polypeptides and complex mixtures in respective mother tinctures. However, identifi cation of active compounds present in the homoeopathic formulations and how homoeopathic medicines work to inhibit the growth of human pathogenic fungi C. albicans in vitro has not been evaluated in this study which is the subject of further investigations. [21] [22] [23] [24] [25] [26] [27] [28] 
CONCLUSION
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Conclusion:
La présente étude suggère un rôle inhibiteur des médicaments homéopathiques contre le C. albicans, champignons pathogènes chez l'homme.
